Development and validation of a computational model for understanding the effects of an upright birthing position on the female pelvis.
Upright, natural birthing positions, such as squatting, are associated with several clinical benefits, yet recumbent positions are still most common during delivery in most health centres. The biomechanics of birth positioning are not yet fully understood; therefore, our objectives were to develop and validate a computational model that could determine pelvic kinematics under loading conditions resulting from an upright birthing position. A three-dimensional model of the pelvic region was created from MRI scans of a non-pregnant subject. Bones were designated rigid segments with sacroiliac and pubic symphysis joint motion constrained only by contact surfaces and ligaments modeled as non-linear spring elements. Actuating torques at the lumbosacral and hip joints were defined based on motion analyses of squatting. The model was validated by comparing simulation results with data from the literature and in vivo MRI data from three subjects in a kneel-squat position. Good agreement was found between clinical pelvimetry measurements from the squat simulation and MRI data. Differences between simulation predictions were within one standard deviation of mean MRI kneel-squat results for all clinical measurements except one: the predicted increase in bispinous diameter was approximately 1.5 standard deviations less than that of the mean MRI results and still well within physiologic limits according to data in the literature. This model can, therefore, be used to provide further insight into the biomechanics of certain upright birthing positions, such as squatting.